A reactive low-valent uranium(III) complex supported by an aryloxide functionalised triazacyclononane has been synthesised and provides a platform for enhanced uranium reactivity.
A reactive low-valent uranium(III) complex supported by an aryloxide functionalised triazacyclononane has been synthesised and provides a platform for enhanced uranium reactivity.
Coordinatively unsaturated, electron-rich transition metal complexes have proven to be powerful species for small molecule activation and functionalisation. The three-coordinate [(1-AdArN) 3 Mo III ] 1 and [L'Fe II Cl] 2 are important representatives of this class of complexes. For these complexes it was shown that the sterically encumbering ligands provide the lowvalent metal ions with a platform for activating 3 and, in the case of the molybdenum tris-anilide complex, splitting the inert dinitrogen molecule. 4 Cummins, 5 Scott, 6 and more recently, Cloke et al. 7 have demonstrated that uranium complexes show transition metal-like behaviour and are similarly competent to bind and activate dinitrogen. In our efforts to synthesise uranium complexes with enhanced reactivity for small molecule activation, we are currently investigating low-valent, aryloxide-uranium complexes supported by macrocyclic polyamine ligands. Here we report the first uranium aryloxide complexes supported by a macrocyclic polyamine ligand. The macrocyclic polyamine ring serves as the anchor unit, shielding one side of the uranium centre, and the tert-butyl groups of the aryloxide pendent arms form a protected pocket of reactivity. The magnetic moment of solid samples of 1 is strongly temperature dependent, varying from 1.77 m B at 5 K to 2.92 m B at 300 K. The experimentally determined effective magnetic moment m eff at room temperature is considerably lower than that calculated for an f 3 uranium species with a 4 I 9/2 ground state. However, the temperature dependence and magnitude of m eff is identical to that of the crystallographically characterised [((ArO) 3 10 The uranium(IV) f 2 ions in 2 and 3 possess a 3 H 4 electronic ground state. The effective magnetic moments of 2 and 3 were determined to be strongly temperature-dependent, varying from m eff = 2.85 m B (2) and 4.55 m B (3) at 300 K to approx. 1 m B at 5 K. It is noteworthy that 2 and 3 are almost colorless in solution and only slightly green and pale blue in crystalline form. This observation is in agreement with the complexes' electronic absorption spectra, which show a large number of sharp, weak absorption bands between 400 and 2500 nm, typically assigned to partly parity forbidden f-f transitions. †
(4).
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The formation of 2 and 3 underlines the enhanced reactivity of monomeric 1. DFT quantum mechanical methods † were applied to rationalise the reactivity and to elucidate the electronic structure of 1. The geometry optimisation results in a core structure similar to those found in the solid-state structures of 2 and 3, the only difference being the increased in-plane shift of the U(III) ion towards the tacn chelator. Electrons 1-3, the three most energetic electrons of system 1, were found to be uranium based (see Fig. 3 ). The energy differences, d, between SOMO-1/SOMO-2 and SOMO-2/SOMO-3 are small (d~ 3.6 kJ mol 21 ) and thus almost degenerate. SOMO-3 is largely f in character. Its electron density is within the plane of the three aryloxide atoms. In contrast, SOMO-2 and -1 possess unpaired spin density that is perpendicular to this plane, shielded by the triazacyclononane backbone on one side but pointing out into the open reactivity cavity. Accordingly, complex 1 behaves like a di-radical and is very reactive towards small molecules. In our ongoing investigations we found that 1 reacts with organic azides to yield uranium(V) imido complexes. § We gratefully acknowledge the University of California, San Diego for financial support. I.C.R. thanks the NIH (3 T32 DK07233-2651) and NSF for a fellowship. K.O. thanks the Danish Chemical Society for financial support. 
Notes and references
